Examples of mimicry are widely celebrated because of the remarkable physical similarities they entail. A new study shows how an ant-mimicking spider uses behaviour to create the illusion of antennae, while walking in a manner resembling ants following pheromone trails.
Many species have evolved a form of mimicry to defend themselves from predators (protective mimicry) or to gain access to resources (aggressive mimicry). For example, nestlings of the Amazonian bird Laniocera hypopyrra have modified feathers that enhance their resemblance to a local and highly unpleasant caterpillar species, which may protect these chicks from being eaten [1] . The seeds of the South African shrub Ceratocaryum argenteum emit volatiles found in mammal dung, which fool dung beetles into rolling them away and burying them [2] . However, for an impersonation to be believable it sometimes isn't sufficient to wear convincing costumes -acting skills are also important. Rather than remain stationary, the stick insect Extatosoma tiaratum actively rocks from side-to side following light gusts of wind to simulate the movement of wind-blown plants [3] . Some species of harmless hoverflies that resemble wasps pretend to sting you when grasped [4], a phenomenon that can cause even seasoned field researchers to doubt themselves. Adding to these examples, in a recent paper, Shamble et al. [5] have shown that the salticid spider Myrmarachne formicaria not only 'talks the talk' in terms of morphologically resembling ants, but also 'walks the walk' by moving in a way that resembles the movement of ants following pheromone trails. Moreover, they have shown that this behavioural mimicry is sufficient to dupe natural predators. Analogous results have been reported in other species of Myrmarachne [6] . However, while many of their results are not unexpected, the researchers have taken the quantification of mimetic behaviour to a whole new level and in a manner which recognizes the visual systems of the potential observers.
Ants are not only common, but they are also not to be messed with: depending on the species, they can bite, sting, spray and rapidly recruit reinforcements. It will therefore come as no surprise that a wide range of arthropods have evolved to mimic them. This 'myrmecomorphy' is especially prevalent in spiders where over 200 different species of ant mimics have been recognized, the majority of these being jumping spiders (Salticidae) [7] . It is widely believed that ant-mimicry in Myrmarachne ants serves to protect these palatable spiders from predators (Batesian mimicry). However, aggressive mimicry is another (not mutually exclusive) possibility, and cannot be entirely ruled out. Indeed mimicry may allow at least one ant-mimicking species (Myrmarachne melanotarsa) to feed on the broods of ant-averse salticids [8] , while M. formicaria has a similar cuticular hydrocarbon profile to ants and it is possible that it derives its chemical cloak from feeding on ant larvae [9] .
To human eyes at least, it appears that Myrmarachne formicaria has evolved a number of morphological features to enhance its resemblance to ants, including a relatively elongated appearance and slim waist typical of their models ( Figure 1 ). However, spiders differ from ants (and other insects) in two important ways: they have eight, instead of six legs and they lack antennae. Motivated by (largely) qualitative observations that spider mimics move like their models, Shamble et al. [5] set up an array of high-speed (>1000 frames per second) cameras to compare the gait of ants (Formica sp.), mimics (M. formicaria) and non-mimetic salticids (from three species). Lowerspeed recordings were also obtained to quantify the movement of M. formicaria, a non-mimetic salticid and two ant species in bigger arenas with and without ant pheromone trails (generated by smearing extracts of the ants' abdomens in a rectangular pattern). The high-speed recordings showed that Myrmarachne formicaria moved on eight legs, but they intermittently stopped and (unlike the non-mimetic spiders) raised their forelegs when doing so. This legwaving display lasts an average of less than one tenth of a second. In this way, the spiders turn two negatives -a surplus of legs and a lack antennaeinto a plus, by using the former to fill in for the latter. Researchers have long believed that ant-mimicking spiders tend to walk on six legs to generate this effect, and while this may be true in some species, the brevity of the display in M. formicaria produces an unexpected additional illusion (to natural predators as well as humans with low temporal resolution) -namely, that it arises during walking.
The analysis of wandering patterns of the ants and spiders was similarly revealing. When pheromones were absent, the ants exhibited large, looping trajectories as if they were engaged in searching. However, when pheromones were present then the ants' trajectory became much smoother and sinusoidal, tacking back and forth across the trail. Both the mimetic and non-mimetic spiders had relatively directed movement, and while the quantitative characteristics of the mimetic and non-mimetic spider species differed significantly, the movement characteristics of the mimetic spider were indistinguishable from the zig-zagging movement of ants following trails. Thus, assuming that pheromone trails are approximately linear in nature, then the trajectory of M. formicaria resembles that of ants engaged in only one specific activity, perhaps because this more directed movement better reflects the spider's own foraging needs.
Of course, the proof of the pudding is in the eating (or not eating). To evaluate the responses of real predators, the authors presented side-view playbacks of moving ants, mimetic spiders and non-mimetic spiders to a hungry jumping spider (Phidippus audax, previously considered as a non-mimetic salticid in the gait analysis). It looks as though the authors had some fun with this: looking at the predatory spider respond to the playbacks (portrayed on an iPhone), it's hard to shake off the impression of an early B-movie. As with earlier studies [10, 11] , the results of these trials were compelling. The predatory spider attempted to pounce on about 75% of the non-mimetic spiders, but only 15-25% of the mimetic spiders and ants, indicating that the physical and behavioural impersonation of ants was sufficient to dupe natural predators. Was this response innate or learned? The P. audax were collected in the field so it is impossible to tell, but earlier work conducted on a range of laboratoryreared spider species with no experience of ants strongly suggests that the response is innate [12] .
The possibility that mimics can engage in locomotory mimicry is not new. For example, it has been recently shown that the wingbeat patterns of mimetic forms of the polymorphic swallowtail butterfly Papilio polytes match those of the model species (Pachliopta aristolochiae) [13] . Likewise, many mimics of stinging hymenopterans, such as hoverflies (Diptera: Syrphidae), wave their forelegs in front of their heads to mimic the longer antennae of their models [4] . However, the study by Shamble et al.
[5] goes above and beyond earlier work in utilizing a full armoury of data extraction and analytical techniques.
Given the close morphological similarity of the spider to an ant, one might wonder why simply looking the part isn't sufficient. Behaviour may sometimes be essential to obfuscate a morphological deficiency, such as a lack of antennae. However, it can also be used to directly mimic some aspect of the model's behaviour. For example, many of us can distinguish our colleagues from their footsteps alone, and it seems likely that predators would cue into the movement patterns of models and would-be mimics if they could be readily distinguished. However, resembling a model in more than one manner may also serve to dupe different predators that use different sensory modalities to detect their prey [14] . These hypotheses -recently referred to as 'back-up signal' and 'multiple messages', respectively [15] -are of course not mutually exclusive. Shamble et al. [5] favour the latter, and while it appears that M. formicaria has no specific ant species model and a diverse array of potential predators with different sensory abilities [16] , further experiments would be required to establish this.
Finally, despite their defences, ants are preyed upon by a range of specialist predators. So, ant-like mimics may step from the frying pan into the fire by making themselves vulnerable to a whole new suite of predators [17] , just as harmless mimics of venomous snakes can be killed by farmers believing them to be the real thing [18] . Likewise, spiders can be noxious themselves and many species (including moths and flies) have evolved to resemble them not just morphologically but also in terms of the way they move [15] . If your head is spinning at the implications of this, there is a simple message: spiders are at the heart of a complex web of deceit. Note that Myrmarachne males have large chelicerae, most likely as a result of sexual selection. However, despite these contrasting selection pressures, they may continue to deceive observers because they resemble ants encumbered with prey [19] . Photo: Paul Shamble.
